II [14] and Agilent promoter arrays that contained multiple probes for ~17,000 genes. Thus, we were able to determine whether changes in POL II binding to genes were associated with activation or suppression of transcription. Unexpectedly, we observed that de novo expression of HER2 in MCF7 cells causes POL II interaction (p< 0.05) with 606 genes. 20% of these new interactions exhibited significant fold changes up or down (p< 0.05 and > 1.4 fold change). 678 other genes lost POL II binding upon expression of HER2. These observations indicate that HER2 promotes a massive rearrangement in the genes activated or suppressed by HER2.
We quantified the amount and location of POL II binding in each promoter region. Some genes had no POL II binding and tended to be among the genes that were not transcribed. Some genes had strong POL II binding in the promoters, and these genes also tended to be among those that were not transcribed. Finally, there were genes that had weak or intermediate binding of POL II, including genes where weak POL II binding was dispersed over the promoter and downstream of the promoter. This latter class was more often associated with transcribed genes. We speculate that this last class with dispersed POL II binding may represent actively transcribing POL II whereas those genes with strong POL II binding in the promoter but low expression might be poised for transcription but not actively transcribing.
A group of 734 genes had detectable POL II binding in all three cell types that have high levels of HER2 (MCF7 expressing HER2, as well as in the naturally high expressing BT474 and MDA453 cell lines), but not in MCF7 controls that do not express HER2. 42 of these genes were transcriptionally up regulated and 50 down regulated. Presumably, the downregulated class that showed de novo POL II binding is the class where POL II was dispersed on the actively transcribing gene in MCF7 and became more localized on the promoter when gene expression was reduced. The transcription of 68 genes was validated by qPCR for all three cell lines and gave a correlation coefficients of 0.74 -0.90 (p < 0.01) with the array data.
Approximately 55 of the 734 genes are known to be involved in breast cancer including 12 of the 92 genes differentially regulated with HER2 expression. 38 genes of 734 have been implicated in HER2 function including 12 of the 92 genes [15] [16] [17] . The rest are candidates as novel HER2-regulated genes.
MetaCore Pathway analysis was used to look for networks among the 734 genes. Significantly enriched groups included the estrogen receptor, the progesterone receptor, and the androgen receptor-associated networks as previously reported in breast cancer [18] [19] [20] . Many genes were associated with stem cell and progenitor cell control as indicated by networks centered on NFKB, OCT3/4, and Nanog. These three overlapping networks account for 207 genes out of 734 genes (28%) and include 20 out of 93 differentially transcribed genes. Thus, the role of stem cells proliferation in HER2-regulated breast cancer is highly suggested. This is consistent with the observations HER2-dependent growth in cell culture and in vivo models [12, [21] [22] [23] . Our data revealed up regulation of DNMT3A and HDAC2 in HER2+ cells, which is of particular interest because of their potential global epigenetic effects in breast cancer [24, 25] .
The approach we have taken here allowed the identification of a large number of genes that are transcriptionally altered with changes in HER2 expression, and also genes that are changed in their potential for transcription via changes in POL II binding and positioning within the gene.
